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A method for quantitative or semi-quantitative determination of target analyte(s) in a test sample, said method comprising the steps 
of: (i) non^diffusibly attaching to at least one test zone of a lateral flow liquid pemieable medium an analyte receptor capable of binding 
to the target analyte or a predetermined amount of analyte; (ii) diffusibly attaching to a support medium v^hich may comprise the lateral 
flow liquid pemieable medium or a separate support element an analyte detection agent which detects the presence of target analyte in 
the test sample, said analyte detection agent having a label associated thmwidi; (iii) diffusibly attaching to a support medium which may 
comprise the lateral flow liquid permeable medium or a sq>anite support element a calibration agent having a label associated therewith; 
(iv) non-diffiisibly attaching to at least one calibration zone of dte lateral flow liquid pemieable medhim a calibration agent receptor capable 
of binding the calibration agent; (v) contacting die lateral flow liquid permeable medhmi with the test sample; and (vi) comparing signals 
associated with each label at the test zone(s) and calibration zone(s) to effect detemiination of the target analyte in die test sample. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on die front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Annema 


GB 


United Kn^dooi 


MW 


Malawi 


AT 


Austria 


GE 


Geoisia 


MX 


Mexico 


AU 


Australia 


GN 




NE 


Niger 

ncinenanas 


BB 


Barbados 


GR 


Greece 


NL 


BE 


Belgium 


HU 


Hnngaiy 


NO 


Norway 


BF 


Bttfkina Fsso 


IE 


betand 


NZ 


NewZeaU 


BG 


Bulgaria 


IT 


Italy 


PL 


Fbland 


BJ 


Benin 


JP 


Jspan 


FT 


Portugal 


BR 


Biazil 


KE 


Kenya 


RO 


Romania 


BY 


Belaim 


KG 


Kyigystan 


RU 


Russian Fedentim 


CA 




KP 


DcjnociBtic I^opfe's Repidilic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Koica 


SO 


Sing^Mie 


CH 


Swszerland 


KZ 


KazaUtttan 


SI 


Slovenia 


a 


Caied-lvoire 


U 




SK 


Slovakia 
Senegal 


CM 


CaneiQoii 


LK 


Sri Lanka 


SN 


CN 


Qnna 


LR 


Libeiia 


sz 


Swazfland 


cs 


Czechoslovakia 


LT 


Lithuania 


TD 


Chad 


cz 


Czech RepnbHc 


U) 


Luxenibooig 


TG 


Togo 


DE 


Gennaay 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Dernnark 


MC 


Monaco 


TT 


THnidad and Tbbaeo 


EE 


Estonia 


MD 


Republic of Moldova 


UA 


Ukraine 


E5 


Spain 


MG 


Macbtgascar 


UG 


Uganda 


FI 


Rnlsnd 


ML 


Mali 


US 


United Slates of America 


FR 


nance 


MN 


Mongolia 


uz 


Uzbekistn 


GA 


CSabOQ 


MR 


Maoritsnia 


VN 


Viet Nam 



wo 97/09620 PCT/AU96/0055T 



IDLE 

••METHOD AND APPARATUS FOR QUANTITATIVE AND SEMI- 
QUANTITATIVE DETERMINATION OF AN ANALYTE" 
FIELD OF THE INVENTIQM 
5 THIS INVENTION relates generally to analyte assays. In 

particular, this inventloh relates to an assay and apparatus for semi- 
quantitative detenninafion of an analyte in a test sample. The invention also 
relates to quantitative determination of an analyte by use of an apparatus 
which reads and processes the results of the assay of the invention. 
10 BACKGROUND OF THE INVENTION 

In the medical, chemistry, environmental testing and veterinary 
fields there is a need to measure an ever increasing number of substances 
in physiological, biological or test samples. Methods which have been used 
for the detection of these compounds vary widely but often involve the use 
15 of expensive and sophisticated equipment or cumbersome multi-step 
procedures which require considerable training and care. These 
requirements restrict the general diagnostic utility of many methods. 

Numerous attempts have been made_iLthe^ 
such methods so that measurement of a substance of dia gnostic importance 
20 can be carried out at convenient locations including point of care locations 
-sudi.as.clinics; rhedical practitioners^offices. vet erinary surgeries, homes or 
generally any on site jocation without the need for expensive equipment or 
training. 

Generally, most of the assay systems that have been 
25 developed for these purposes facilitate qualitative determination of specific 
anaiytes in a test sample but do not allow estimation of the level of an 
analyte with any degree of confidence, indeed, for many disease states, it 
Is the measured level rather than the simple presence or absence of a 
particular analyte which is of primary diagnostic significance. For instance, 
30 in cases where changes in the concentration of an analyte are used to 
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monitor a disease course, it would be advantageous to determine by visual 
or instrumental inspection whether the levels of the anaiyte were increasing 
or decreasing. 

One attempt at developing such an assay is disclosed in U.S. 
5 Patent Specification 5,073,484 which is directed to a method and an 
apparatus for the quantification of an anaiyte in a liquid employing a liquid- 
permeable solid medium defining a liquid flow path. The medium includes 
a number of reaction zones, containing a reactant, spaced apart along the 
flow path and in which reaction occurs between the reactant and the anaiyte 

10 or an anaiyte derivative (e.g. a labelled anaiyte) to result in the formation of 
a predetermined product Detector means are employed to detect anaiyte. 
anaiyte derivatives, reactant or predetemriined product in the reaction zones, 
the number of such zones in which such detection occurs indicating the 
amount of anaiyte in the liquid. 

15 The method is predicated on the condition that for a given 

amount of anaiyte in a liquid, the anaiyte must be bound substantially to 
saturation in a first reaction zone before any residual amount of the anaiyte 
is bound subsequently in a second reaction zone and so on. Hence, this 
method provides theoretically for a linear relationship between the number 

20 of reaction zones in which detection occurs and the amount of anaiyte in a 
liquid. 

Recent analysis of this method by the applicants, however, has 
revealed that when colloidal gold is used as the detector means in concert 
with a flow membrane, the amount of anaiyte in a liquid is not directly 

25 proportional to the number of reaction zones in which detection occurs. The 
results of this analysis, illustrated in FI6.1, indicate that when a flow 
membrane comprising five reaction zones is used for the quantitation of an 
anaiyte, all five reaction zones detect the anaiyte independently of the 
anaiyte concentration. In addition, the intensities of all reaction zones are 

30 equivalent and are directly proportional to the amount of anaiyte in the liquid. 
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For example, when a relatively low amount of analyte is applied, the 
intensities of all five reaction zones are equivalentiy low. Conversely, when 
a relatively high amount of analyte is applied, ttie intensities of all five 
reaction zones are equivalentiy high. To tiiis end, it is believed that it is not 
5 possible to reduce this method to practice insofar as using a flow membrane 
and colloidal gold as the detector means are concerned. 

It also will be appreciated that US Patent 5,073,484 in including 
a muttiplidty of reaction zones does not include a calibration zone which has 
a calibration agent receptor bound thereto. 

10 A further attempt at developing a semi-quantitative assay is 

disclosed in Australian Patent Specification 658566. One embodiment of 
this assay utilizes a vertical flow-through filter comprising a test zone and 
one or mors calibration zones. At the test zone there is non-diffusibly 
attached therein an analyte receptor capable of binding a target analyte, and 

15 at the or each calibration zone there is non-diffusibly attached therein a 
calibration receptor capable of binding a calibration agent When there is 
more than one calibration zone, one of these zones is capable of binding a 
higher predetermined amount of the calibration agent than the other. 

In operation, a test sample suspected of containing the target 

20 analyte is introduced to the filter and the target analyte, if present, binds to 
the analyte receptor at the test zone. A solution comprising a labeled 
analyte detection agent as well as a labeled calibration agent is added 
subsequentiy to the filter. The analyte detection agent binds to the terget 
anatyte at the test zone and the calibration agent binds to the calibration 

25 receptor at the calibration zone in amounts which are direcUy proportional to 
the amounts of terget analyte and calibration receptor bound to the filter. 
The presence of anatyte detection agent bound at the test zone and the 
presence of calibration agent bound at the or each calibration zone is 
determined subsequentiy by signal development, pemiitting qualitetive or 

30 semi-quantitative detenmination of the terget anatyte in the test sample. 
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In an alternative embodiment, the target analyte in the test 
sample is premixed with a solution comprising labeled analyte detection 
agent and labeled calibration agent prior to introduction of the mixture onto 
the filter. 

Although the above assay provides Improvement in facilitating 
semi-quantitative determination of an analyte in a test sample, there are a 
number of disadvantages. It is necessary, for example, to remove unbound 
analyte detection agent and unbound calibration agent from the filter and this 
has to be achieved by incubation and washing steps as described in 
specification AU 658566. Such incubation and washing steps in the case of 
unbound analyte detection agent and unbound calibration agent must take 
place before a meaningful comparison of the respective signals in the test 
and calibration zones may be made. Accordingly, the analyte assay of AU 
658566 is cumbersome and relatively time-consuming for effective operation 
which will therefore limit the convenience or utility thereof in instances when 
analyte assays are required to be perfonrned wiUi rapidity sutih as, for 
example, in medical surgeries. 

Having regard to foregoing, there is at present a paucity of 
assay systems either described or commercially available which can provide 
simple, rapid semi-quantitative and/or quantitative determination of a target 
analyte. 

SUMMARY OF THE IISIVgNTIOM 

It is therefore an object of the present invention to provide a 
simple mettiod for semi-quantitative and/or quantitative determination of an 
analyte in a test sample which substantially reduces the numl)er of steps 
required to perform an analyte assay. 

It is a further object of the invention to provide an apparatus for 
use in concert witti the method of ttie invention. 

According to one aspect of the invention, there is provided a 
mettiod for quantitative or semi-quantitative detemiination of target analyte(s) 
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in a test sample, said method comprising the steps of: 

(I) non-diffusibly attaching to at least one test zone of a 
lateral fbw liquid pemieable medium an analyte receptor capable of binding 
to the target analyte; 
5 (ii) diffusibly attaching to a support medium which may 

comprise the lateral flow liquid pemieable medium or a separate support 
element an analyte detection agent which detects the target analyte if 
present in the test sample, said analyte detection agent having a label 
associated therewith; 
10 (ill) diffusibly attaching to a support medium which may 

comprise the lateral flow liquid permeable medium or a separate support 
element a calibration agent having the same label associated therewith; 

(iv) non-diffusibly attaching to at least one calibration zone 
of the lateral flow liquid pemieable medium a calibration agent receptor 

15 capable of binding the calibration agent; 

(v) contacting the lateral flow liquid penmeable medium wiUi 
the test sample; and ^--v, 

(vi) . romparing signals associated with each label at the test 
zone(s) aricl calibration zone(s) to effect determination of the target analyte 

20 /"in the test sample. 

y ' The target analyte(s) may be selected from a group including 

/ . an antigenic substance, a hapten, an antibody, a protein, a peptide, an 
amino add, a nudeic add, a homnone, a steroid, a vitamin, a cart)ohydrate, 
a lipid, a blood dotting factor, a pathogenic organism for which polydonal 
and/or monoclonal antibodies can be produced, a natural or synthetic 
chemical substance, a contaminant, a drug induding those administered for 




therapeutic purposes as well as those administered for Illicit purposes, and 
\)etabolites of or antibodies to any of the above substances. 

Jtof^yrse-will-be appreciated'that the numb 
30 utilized in the lateral flow liquid permeable medium will be dependent on the 
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number of target analytes being quantified, in the preferred embodiment 
however, the lateral flow liquid penneable medium will only Include a single 
test zone for quantification of a single taiget analyte. 

Preferably, the target analyte has two binding sites each of 
5 which is capable of fonning a specific binding pair with a specific binding 
partner. 

A specific binding pair, as used herein, comprises two different 
molecules wherein one of the molecules through chemical or physical means 
specifically binds to a second molecule. Such specific binding partners, 
10 examples of which are described in U.S. Patent Specification 5,075,078, 
include antigens and antibodies, lectins and carbohydrates, complementary 
peptides, protein, carboh ^rate and nudeic add structures, enzyme 
inhibito rs and ergy mes. ||rDtei n A and IgG as well as effector and receptw^ 
( jholeailes;^ ]^ 

IS It will of course be appredatedttiat it Is sufficient for the target 

analyte to have a single binding site for a specific binding partner if the target 
analyte in combination witti a first specific binding partiier is capable of 
producing a unique binding site for a second specific binding partner. 
The test sample is preferably an aqueous solution. 
20 The temi "test sample" as used herein may Indude a biological 

fluid which may be extracted, untreated, treated, diluted or concentrated from 
a plant or animal. 

Preferably, ttie biological fluid is (teriynsd.ffc>m.an.anlroal. 
.^---' "'"^ Suitably, ttie biblbgiralfluW finom a group induding 

25 / whole blood, senim, plasma, saliva, urine, sweat, ascitic fluid, peritoneal 
fluid, synovial fluid, amniotic fluid, cerebrospinal fluid and ttie like. 

Preferably, the calibration ag ent and th e-anatyte-Batertinn 
agent arediffusibiy attached to the separate support element rather than the 
lateral flow liquid penneable medium. In this regard, the separate support 
30 element is in fluid communication witii ttie lateral flow liquid penneabie 
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medium such that the test sample may pass or migrate from the separate 
support element to the lateral flow liquid permeable medium. Fluid 
communication may include physical contact of the separate support element 
to the lateral flow liquid pemieabie medium as well as the separation of the 
5 lateral flow liquid permeable medium by an inten^ening space or additional 
material which still allows fluid communication between the element and the 
liquid permeable medium. 

Preferably, the separate support element partially overlaps and 
is in close proximity to an end portion of the lateral flow liquid permeable 
10 medium. Altematlvely. the separate support element may form part of one 
end of the lateral flow liquid penneable medium. 

The separate support element may be composed of any 
suitable material which can transfer the test sample to the lateral flow liquid 
permeable medium. 

Preferably, the separate support element is adapted to absorb 
a volume of test sample which is equal to or greater than the totel volume 
capacity of the lateral flow liquid permeable medium. 

A material suitable for use as the separate support element 
may include nitrocellulose, celluloslc paper, porous polyethylene frit or pads 
20 and glass fibre filter paper. 

The separate support element may contein one or more assay 
reagents either diffusibly or non-diffusibly attached therein. 

Preferably, the assay reagents In the separate support element 
are diffusibly atteched therein. 
25 Suiteble assay reagents that may be conteined in the separate 

support element include the analyte detection agent and the calibration 
agent 

Preferably, the analyte detection agent is a specific binding 
partner of the terget analyte which may have an associated label. 
30 Alternatively, in another embodiment of the invention, the 
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analyte detection agent may be a predetemnined amount of the target 
analyte itself having a label associated therewith. In this embodiment, the 
analyte, which is preferably directly labeled, acts as the analyte detection 
agent by competing with the analyte in the test sample for binding to a 
5 specific binding partner which is non-drflusibly attached in the test zone. 

It will of course be appreciated that in such an embodiment, an 
analog of the analyte may also be used as the analyte detection agent. The 
term "analog" as used herein refers to a compound which for the purposes 
of a particular assay behaves substantially the same as the analyte. 
10 The analyte detection agent and the calibration agent each 

have a label associated therewith which includes the following: 

i. direct attachment of the label to the analyte detection agent; 

ii. indirect attachment of the label to the analyte detection agent; 
i.e., attachment of the label to another assay reagent which subsequently 

IS binds to the analyte detection agent; and 

ill. attechment to a subsequent reaction product of the analyte 
detection agent. 

In a similar manner, the calibration agent has the same label 
associated therewith which also may include i., ii., and iii. above. 
20 Preferably, the label is atteched directly to the analyte detection 

agent and the calibration agent. 

The label may be selected from a group including a 
chromogen, a catelyst, an en2yme, a fluorephore, a chemiluminescent 
molecule, a lanthanide ion sudi as Europium (Eu^), a radioisotope and a 
25 direct visual label. 

In the case of a direct visual label, use may be made of a 
colloidal metellic or non-meteliic particle, a dye particle, an enzyme or a 
substrate, an organic polymer, a latex particle, a liposome, or other vesicle 
conteining a signal producing substence and the like. 
30 A large number of enzymes suiteble for use as labels is 
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disclosed in United States Patent Specifications U.S. 4,366;241. U.S. 
4»843,000, and U.S. 4,849,338. all of which are herein incorporated by 
reference. Suitable enzyme labels useful in the present invention Include 
alkaline phosphatase, horseradish peroxidase, iuciferase, |3-galactosidase, 
5 glucose oxidase, lysozyme, malate dehydrogenase and the like. The 
enzyme lat)el may t>e used alone or in combination with a second enzyme 
which is in solution. 

Suitably, the fluorophore is selected from a group including 
fluorescein isothiocyanate (FITC), tetramethylrhodamine isothlocyanate 
10 (TRITL) or R-Phycoerythrin (RPE). 

Preferably, the label is a colloidal metallic particle. 

Most preferably, the label is colloidal gold. 

The calibration agent is capable of forming a specific binding 
pair with a specific binding partner. 
15 Preferably, the calibration agent has a high affinity for the 

specific binding partner thereof. 

The calibratbn agent is most suitably avidin, streptavidin or 
biotin or other calibration agent which has high affinity for the specific binding 
partner thereof. 

20 The passage of the mixture through the lateral flow liquid 

permeable medium may be effected by capillary migration, gravity flow or 
electrophoresis or a medium of hydrophilic nature having an affinity for water. 

Preferably, the passage of the mixture is effected by capillary 

migration. 

25 The lateral flow liquid permeable medium may be any suitable 

absorbent, porous, capillarity-possessing or bibulous material through which 
a solution containing the target analyte can be transported. 

Natural, synthetic or naturally occuning materials which are 
synthetically modified may be used as the liquid permeable medium 

30 including but not limited to cellulose materials such as paper, cellulose and 
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cellulose derivatives such as cellulose acetate and nitrocellulose; glass 
fibres; natural or synthetic doth; porous gels such as agarose, silica gel, 
dextran and gelatin; porous fibrous matrixes; starch based materials such as 
Sephadex® cross-linked dextran chains; ceramic materials; films of polyvinyl 
5 chbride and polyamide; and combinations of polyvinyl chloride-silica and the 
like. 

Preferably, the lateral flow liquid penneabie medium is a 
cellukse material. 

More preferably, the lateral flow liquid penneabie medium is 
10 nitrocellulose. 

Suitably, the lateral flow liquid pemieatde medium does not 
interfere with the production of the detectable signal. 

The method of the invention may also include an additionai 
step of filtering the test sample. 
15 The filtering may be effected by any filter or trapping device 

used to remove partides above a certain si2» from the test sample. For 
example, the filtering step may be used to remove red bhx)d cells from a 
sample of whole blood, such that plasma is the fluid whteh is received by the 
separate support element and transfened to the lateral flow iiquki penneabie 
20 medium. 

Preferably, the specific binding partner of the anaiyte receptor 
is the anaiyte or analog thereof. 

Alternatively, in a further embodiment of the invention, the 
specific binding partner of the anaiyte receptor may be the anaiyte detedton 
25 agent In such a case, the anaiyte detection agent may be a predetermined 
amount of anaiyte having a label assodated therewith. 

Tine at least one calibration zone comprises a predetennined 
amount of a calibratnn agent receptor non-diffusibly atteched therein which 
Is capable of partidpating in the fonnatton of an immobilized specific binding 
30 pair with the calibration agent. 
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The predetermined amount of the calibration agent receptor is 
selected so that a substantially finite amount of the calibration agent is bound 
in the at least one calibration zone. 

Preferably, the predetermined amount is such that when the 
5 substantially finite amount of the calibration agent is bound in the calibration 
zone, the signal generated therein is within a dynamic range suitable for 
comparing with the signal generated in the test zone. 

In preference, there are at least two calibration zones. In such 
an example, each calibration zone has a different predetermined amount of 
10 the calibration agent receptor so that, in operation, each calibration zone 
produces a different signal. 

Non-diffusive attachment of the analyte receptor and the 
calibration agent receptor may be effected by any suitable means including 
covalent bonding, non-covalent bonding or entrapment 
15 It will of course be appreciated that the receptors used in the 

invention may be non-diffusibly attached either directly or indirectly. For 
example, each receptor may be covalently bound to a spacer molecule which 
has been covalently bound to the lateral flow liquid permeable medium. 

The spacer molecule may include a latex microparticle, a 
20 protein such as t>ovine serum albumin (BSA) or a polymer such as dextran. 

The signals generated in the test zone and the at least one 
calibration zone may be measured by visual inspection or by an instrumental 
means. 

Preferably, the signals are measured by the instrumental 
25 means, in such a case, the signal is preferably a colored signal and the 
preferred method of measurement is reflectance. 

Measurement of the signals may be made by any instrument 
which is capable of converting signal into a digital expression that is 
proportional to the signal produced. 
30 Depending on the nature of the label, a signal may be 
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instrumentaliy detected by inadlating a fluorescent label with light and 
measuring the level of fluorescence in a fluorimeter; by providing for an 
enzyme system to produce a dye which could be measured using a 
spectrophotometer or detection of a dye particle or a colored colloidal 
5 metallic or non metallic particle using a reflectometer; in the case of using a 
radioactive label or chemiluminescent molecule employing a radiation 
counter. 

In this invention, comparison of the signals generated in at 
least one test zone and the at least one calibration zone is used to determine 
10 the approximate concentration of the analyte in the test sample. This 
comparison is predicated on the condition that a signal comelates with a 
certain amount or concentration of a label captured in a zone which in turn 
corresponds proportionally to a specific amount of the analyte. Thus, a 
predetermined amount of a calibration agent receptor in a calibration zone 
15 is chosen to bind substantially a finite amount of a calibration agent which in 
turn must be bound by a certain amount of the label and the signal 
generated therefrom must be reflective of a specific amount of the analyte. 

In one possible situation there may be provided a multiplicity 
of test zones for detennination of multiple target analytes. In this situation 
20 there will only be a single calibration zones. 

The method of the invention further includes within its scope 
the use of one or more calibration agents in step (iii) wherein there is also 
provided one or more complementary calibration agent receptors each of 
which is non-diffiisibly attached respectively in different calibration zones. 
25 The method of the invention still further includes within its 

scope the use of a procedural control step which indicates validation of the 
methods of the invention. 

The procedural control step may be effected by inclusion of a 
procedural control zone which may fomi part of the lateral flow liquid 
30 pemieable medium. 
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The completion of the method may be indicated by a changing 
of color which may be effected by an assay reagent contacting the 
procedural control zone. 

Preferably, the assay reagent Is the analyte detection agent 
5 having a label associated therewith. 

Alternatively, the assay reagent may be a compound which 
changes color upon contact with a test solution containing water which 
compound includes a dehydrated transition metal salt such as CUSO4. 
Co(N03)2» and the like or a pH indicator which responds to a pH of a buffered 
10 reagent solution. 

In a second aspect of the invention, there is provided a method 
for quantitative or semi-quantitative determination of target analyt6(s) in a 
test sample, said method comprising the steps of: 

(1) non-diffusibly attaching to at least one test zone of a 
15 lateral flow liquid permeable medium a predetermined amount of analyte; 

(ii) diffusibiy atteching to a support medium which may 
comprise the lateral flow liquid permeable medium or a separate support 
element an analyte detection agent which detects the terget analyte if 
present in the test sample, said analyte detection agent having a label 

20 associated therewith; 

(iii) diffusibiy atteching to a support medium which may 
comprise the lateral flow liquid permeable medium or a separate support 
element a calibration agent having the same label associated therewith; 

(iv) non-diffustbly atteching to at least one calibration zone 
25 of the lateral flow liquid permeable medium a calibration agent receptor 

capable of binding the calibration agent; 

(v) contecting tiie lateral flow liquid permeable medium with 
the test sample; and 

(vi) comparing signals associated with each label at the test 
30 and calibration zone(s) to effect determination of the terget analyte in the test 
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sample. 

In this altemative embodiment the analyte detecb'on agent will 
comprise a specific binding partner of the target analyte which may have the 
same label associated therewith as the calibration agent 

According to a further aspect of the invention there is provided 
a lateral flow liquid pemieable medium adapted to convey fluids at least one 
fluW flow direction for use in the method according to the first aspect of the 
invention comprising: 

(1) at least one test zone having non-diffusibly attached 
therein an analyte receptor which is capable of participating in the fomiation 
of an immobilized specific binding pair with an analyte or analyte detection 
agent; 

(2) at least one calibration zone having non-diflfusibly 
attached therein a predetemiined amount of a calibration agent receptor 
which is capable of participating in the fomiation of an immobilized specific 
binding pair witii a calibration agent and 

(3) an assay reagent zone including a calibration agent 
having a label associated tiierewith and the analyte detection agent which 
has the same label associated therewith. 

According to a still further aspect of ttie invention there is 
provided a lateral flow liquid pemieabie medium adapted to convey fluids in 
at least one fluid flow direction for use in the mettKxl according to the second 
aspect of the Invention comprising: 

(1) at least one test zone having non<liffusibly attached 
therein a predetermined amount of analyte which is capable of participating 
in the formation of an immobilized spedflc binding pair with an analyte 
detection agent; 

(2) at least one calibration zone having non-diffusibly 
atteched ttierein a predetermined amount of a calibration agent receptor 
which is capable of participating in the fomnation of an immobilized specific 
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binding pair with a calibration agent; and 

(3) an assay reagent zone including a calibration agent 
liaving a label associated therewith and the anatyte detection agent which 
has the same label associated therewith. 
5 Preferably, the lateral flow liquid permeable mediums described 

above further include a separate support element which has diffusibly 
attached thereon the calibration agent and associated label and the analyte 
detection agent and associated label. 

The lateral flow liquid pemieable medium preferably includes 
10 a filter in fluid communication with said separate support element 

Suitably, the lateral flow liquid permeable medium includes a 
procedural control zone as described above. 

The liquid pemieable medium may also include an absorbent 
pad vA\idt\ is downstream of said test and said at least one calibration zone, 
15 which absorbent pad is adapted to absorb an excess amount of a test 
sample or a reagent solution. 

The liquid penmeable medium may include in one situation a 
forward flow and reverse flow of sample as well as diffusible reagents. 
However, most preferrably the liquid permeable medium is designed to 
20 accommodate only a single fluid flow direction. 

The invention also comprises a kit for use in the methods as 
herein described including the lateral flow liquid permeable medium as 
described above. Such kit may incorporate a housing which incorporates the 
lateral flow liquid permeable medium and optionally the separate support 
25 medium as described above with appropriate windows for viewing the test 
zone and calibration zone and optionally a window for viewing the procedural 
control zone described above. The housing may also include an aperture for 
introduction of the test sample suspected of conteining the terget analyte. 

The invention may also include a signal measuring device 
30 which includes the housing as described above. Suitebly the signal 
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measuring device measures the signals as described above and is 
programmed to contain a multiplicity of standard curves for tlie various 
analytes which may be obtained from the calibration zones as for example 
described in an article by Diebold E, et aL, Chemtech 1991; 462-7 and an 
5 article by Burice A, et ai, Chemtech 1991; 547-551 which are hereby 
incorporated by reference. 

A lysis solution may also be provided suitable for lysis of red 
blood ceils in the test sample. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 In order that the invention may be readily understood and put 

into practical effect, particular preferred embodiments will now be described 
by example with reference to the following drawings in which: 

FIG. 1 illustrates the results of two anafyte assays utilizing 
lateral flow membranes constaicted in accordance with U.S. 5,073,484 and 
15 colloidal gold as the detector means wherein the top illustration refers to a 
an assay result in which a relatively low amount of terget analyte was 
assayed and the t)ottom illustration refers to an assay result in which a 
relatively high amount of terget analyte was assayed; 

FIG. 2 refers to a side view illustration of one embodiment of 
20 an unused lateral flow liquid permeable medium constructed in accordance 
with the invention. 

FIG. 3 refers to a top plan view of five lateral flow liquid 
pemneable mediums constructed in acoonjance with FIG. 2 wherein each is 
conteined within a cartridge and wherein different assay resutts are shown. 
25 FIG. 4 refers to a side view illustration of the lateral flow liquid 

permeable medium of FIG. 2 after completion of an assay in which no terget 
analyte was present in the test sample. 

FIG. 5 refers to a side view illustration of the lateral flow liquid 
permeable medium of FIG. 2 after completion of an assay in which terget 
30 analyte was present in the test sample. 
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FIG. 6 refers to a box plot illustrating a comparison of the visual 
semi-quantitative detemnination of D-dlmer with a quantitative detemiination 
of D-dimer by EIA. 

FIG. 7 refers to a box plot illustrating a comparison of the visual 
5 semi-quantitative determination of myoglobin with a quantitative 
determination of myoglobin by EIA. 

FIG. 8 refers to a side view illustration of an alternative 
emtxxJIment of an unused lateral flow liquid permeable medium constructed 
in accordance with the invention. 
10 FIG. 9 refers to a top plan view of four lateral flow liquid 

permeable mediums oonstnicted in accordance with FIG. 8 wherein each is 
contained within a cartridge and wherein different assay results are shown. 

FIG. 10 refers to a side view illustration of the lateral flow liquid 
permeable medium of FIG. 8 after completion of an assay in which no target 
15 analyte was present in the test sample. 

FIG. 1 1 refers to a side view illustration of the lateral flow liquid 
permeable medium of FIG. 8 after completion of an assay in which no target 
analyte was present in the test sample. 

FIG. 12 refers to a linear regression analysis conesponding to 
20 a comparison of quantitative determination of D-dimer by instrument with 
quantitative detemiination of D-dimer by EIA. 

FIG. 13 refers to a linear regression analysis corresponding to 
a comparison of quantitative determination of myoglobin by instirument with 
quantitative detemnination of myoglobin by EIA. 
25 FIG. 14 refers to a standard cun/e of reflectance signal as a 

function of biotin - BSA concenti^tion. 

EXAMPLE 1 
Sem'hquantitalive determination of fibrin D^imer 
A side view diagrammatic representation of a device 
30 comprising the lateral flow liquid penmeable medium constructed in 
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accordance with the invention is shown in FIG. 2. The device consists of a 
filter 201 adapted to remove red blood cells from a test sample, a 
nitrocellulose membrane 207 and a separate support element 202 containing 
a suitable concentration of reagents including tfie D-dimer binding 
monodonai antibody DD-3B6/22 labeled with colloidal gold (3B6-go!d; i.e., 
analyte detection agent) 208 specific for the flirombosis mariner D^limer 213 
(/.e., target analyte) under test and streptavidin labeled with colloidal gold 
(streptavidin-goid; i.e., calibration agent) 209. 

The separate support element 202 receives tiie test sample, 
and the wetting of Uie element by tfie test sample perfomis at least two 
functions. Firstiy, it dissolves or reconstitutes a predeternilned amount of 
3B6^old 208 and streptavidin-goM 209. Secondly, it initiates ttie transfer of 
both tfie test sample containing D-dimer 213 and ttie freshly dissolved 
reagents 208. 209. Bofli ttie 3B6-gold and ttie streptavidin-gold are 
mobilized when moistened by the test sample and/or an application tnjffer. 

The nitrocellulose mennbrane 207 comprises a test zone 204 
and two calibration zones 210, 211. Non-dHfusibly attached at a first 
calibration zone 210 is a first predetemnined amount of BSA labeled with 
biotin (BSA-biotin; i.e., calibration agent receptor) 214 capable of binding 
specifically to ttie streptavidin-gold. At ttie second calibration zone 211 fliere 
is non-diffusibly attached a second predeternilned amount of BSA-biotin 216. 
The concentixition of BSA-biotin at the second calibration zone 211 is 
adjusted to generate a diflierent signal intensity compared to ttiat generated 
at ttie first calibration zone 21 0. In addition, ttiere is non-diffusibly attached 
at the test zone 204 a predetermined amount of a monoclonal antibody 
termed DD-1 02/48 1D2 antibody, (i.e., analyte receptor) 215 capable of 
binding 0-dimerwhen complexed to the 3B6-goid. 

Also included is a procedural control zone 212 conteining an 
anti-mouse antibody 217 which is non-diffusibly attached therein and is 
capable of specifically binding the 3B6-goid. 
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At the end of the membrane 207 there is provided an 
absort)ent pad 206 to absorb an excess of test sample, application buffer or 
assay reagents. 

For some samples. e.g. plasma, serum, or urine, the filter 201 
5 which is adapted to remove red blood cells or particulate matter may not be 
necessary. 

In operation, addition of the test sample and/or sample 
application buffer causes moistening of the separate support element which 
subsequentiy mobilizes tfie 3B6-gold 208 and streptavidin-gold 209. If D- 

10 dimer 213 is present in ttie test sample, it binds tiie 3B&*gold 208 via a first 
antigenic site to fonm a complex. This complex, in concert with the 
streptavidin-gold 209, subsequentiy migrates to the first calibration zone 210 
whereat a substantially finite amount of tiie sbeptavidin-gold binds to tiie first 
predetennined amount of BSA-biota'n 214 in tiie first calibration zone 210. 

15 The analyte-3B6-gold complex subsequentiy migrates to the test zone 204 
whereat the complex binds tiie 1D2 antibody 215 via a second antigenic site 
of D-dimer 213. Streptavidin-gold 209 which has not bound to tiie first 
calibration zone 210 subsequentiy migrates to the second calibration zone 
21 1 whereat it binds to a second predetennined amount of BSA-biotin 216. 

20 The concentrations of the streptavidin-gold 209 and the BSA- 

biotin 214, 216 are adjusted by methods described in Example 6 to give 
signal intensities that fall within a suitable dynamic range of those produced 
by typical diagnostic concentrations of D-dimer in blood or plasma to 
generate calibration zones which, when in operation, generate signal 

25 intensities conesponding to 120 ng/mL and 1000 ng/mL of D-dimer. The 
introduction of such calibration agents enable visual inspection of a test 
device to assign one of three values to any test sample (FIG.3). 

Witii reference to FIG. 3, it should be noted that the device as 
illust^ted in FIG. 2 is now contained within a housing or cartaidge comprising 

30 a sample receiving aperture (S) which is in communication with the separate 
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support element. The housing also Includes a window which facilitates 
viewing of the procedural control (C), test (T). as well as the 120 ng/mL and 
1000 ng/mL calibration zones. 

Now tuming to FIG. 3a, there is shown a top view of an unused 
5 device for semi-quantitative measurement of human D-dimer. Note that 
there are no visible or instrumental read lines in the viewing window. 

With reference to FIG. 3b, there is shown the test device after 
the successful completion of a negative test. Note the appearance of zones 
of color in the viewing window at the 1 20 ng/mL and 1 000 ng/mL calibration 
10 zones and the procedural control zone and the absence of any color at the 
test zone. This allows a value of less than 120 ng/mL of D-dimer to be 
assigned to the test sample. 

In relation to FIG. 3c, there is shown the device after the 
successful completion of a test with a sample containing less than 120 
15 ng/mL D-dimer. In this case, there is a visible line at the test zone but of 
lower intensity than the 120 ng/mL calibration zone thus allowing a value of 
less 120 ng/mL of D-dimer to be assigned to this test sample. The 
respective intensities of the other zones are similar to tiiose in FIG. 3b. 

With reference to FIG. 3d, there is shown the device after the 
20 successful completion of a test on a sample containing a D-dimer 
concentration of between 120 ng/mL and 1000 ng/mL. Note the zone of 
intensity in the test zone is now intermediate between tiie 120 ng/mL and 
1000 ng/mL calibration zones allowing an intemiediate value to be assigned 
to the test sample. 

25 Finally, FIG. 3e shows the device after the successful 

completion of a test on a sample conteining more ttian 1 000 ng/mL D-dimer. 
Note, that at tfie test zone there is a signal intensity greater than that of the 
1000 ng/mL calibration zone. 

Also, in this system, any unbound labeled reagente migrate to 

30 the absorbent pad where they are not visible to tiie observer. For a 
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summary of the aforementioned results see Table 1. 

FIG. 4 is a side view diagrammatic representation of the assay 
reagents after completion of a test in which no D-dimer was present in the 
sample* The labeled reagents 208, 209 have migrated from the separate 
5 support element 202 and the streptavidin-goid 209 has bound to the 
calibration zones 210, 211. The 3B6-gold 208 has passed through the test 
zone 204 without significant binding and consequently, there was no visible 
or instrument determinable signal at the test zone 204. 

FIG. 5 is a side view diagrammatic representation of a 

10 completed test in which a significant concentration of D-dimer 213 was 
present in the test sample. In this case, not only has the streptevidin-gold 
209 been captured at the respective calibration zones 210, 211 but the 
analyte-3B6-gold complex has also been captured at the test zone 204. 

An estimation of the concentration of the D-dimer 213 in the 

15 test sample is made by comparing the signal intensity generated in the test 
zone 204 with those generated in the respective calibration zones 210, 21 1 . 

A comparison of the visual semi-quantitative detemnination of 
D-dimer with a quantitative detemiination of D-dimer by enzyme 
immunoassay (EIA) (DIMER TEST EIA. Agen Biomedical, Australia) is 

20 shown in FIG. 6. The date is presented as a box plot. The visual semi- 
quantitative detennination was made with 187 plasma samples of clinical 
origin using 25 pL of sample. At 10 minutes after the tests were run the 
visual intensity of the test zone was compared with the visual intensity of the 
two calibration zones. The resuKs show that the 102 samples graded 

25 visually to be less than the 120 ng/ml had a median value of 46 ng/ml when 
measured by EIA, 75% were less than 80 ng^ml and 90% were less than 
150 ng/ml. Samples graded visually to be between 120 ng/ml and 
1000 ng/ml usually had values in this range. The higher the D-dimer level 
in the sample the more likely a high visual grading. 
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EXAMPLE 2 

Semhquantitotive determination of myoglobin using specific 
monoclonal antibodies directed against myoglobin 

The test is performed on serum, plasma, anthcoagulated whole 
5 blood samples (citrate. EDTA, heparin) or finger stick samples directly 
applied to the test device using the following procedure. 

Test Procedure 

The components are allowed to come to room temperature 
prior to use» keeping a pouch containing the test devices seated to avoid 
10 condensation on the test surface. The pouch is then opened and the test 
devices placed on a flat horizontal surface. 

Fifty microlitres of blood or 25 pL of plasma or serum is added 
to the sample well labeled (S) followed by 2 x 50 pL of saline (0.9% NaCI). 
The sample is then allowed to migrate for ten minutes after which the 
15 respective intensities of a color at the test and two calibration zones are 
compared. In this case, the device comprises a first calibration zone 
corresponding to a value of 70 ng/mL myoglobin, a second calibration zone 
corresponding to a value of 350 ng/mL myoglobin and a test zone 
theret>etween. 

20 The test is valid if, after 10 minutes, a color appears in the 

70 ng/mL and 350 ng/mL calibration zones with the condition that the color 
corresponding to the 350 ng/mL calibration zone is more intense compared 
to the color conresponding to the 70 ng/mL calibration zone. 

Samples with myoglobin values less than 70 ng/mL at the test 

25 zone (T) have eitiier no color in the test zone or a color of equal intensity or 
less compared to that in the 70 ng/mL calibration zone. 

Samples witii myoglobin levels higher than 70 ng/mL may be 
of clinical significance and result in a color in the test zone of intensity 
greater than that in the 70 ng/mL calibration zone. If the colour in the test 

30 zone is less intense ttian that in the 350 ng/mL calibration zone, then the 
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sample has a value less than 350 ng/mL. 

A comparison of the visual semi-quantitative detemiination of 
myoglobin with a quantitative detemiination of myoglobin by EIA (Stratus 
EIA, DADE, USA) is shown in FIG. 7. The data is presented as a box plot 
5 The visual semi-quantitative detemiination was made with 127 plasma 
samples of clinical origin using 25 |jL of sample. At ten minutes after the 
tests were mn the visual intensity of the test zone was compaiBd to the 
visual intensity of the two calibration zones. The results show that the 59 
samples graded visually to be less than the 70 ng/ml had a median value of 
10 47 ng when measured by EIA, 75% were less than 70 ng/ml and 90% were 
less than 85 ng/ml. Samples graded visually to be between 70 ng/ml and 
350 ng/ml usually had values in this range. The higher the myoglobin level 
in the sample the more likely a high visual grading. 

EXAMPLES 

15 Semi-quantitative determination of digoxin by competition 

assay 

The device can also be configured to allow the semi- 
quantitation of smaller analytes such as drugs, including therapeutic drugs 
and illicit dmgs, hormones, vitamins, steroids, peptides and haptens as well 
20 as the larger molecular weight molecules which can be assayed in the 
sandwich fonnat outlined in Examples 1 and 2. 

A side view diagrammatic representation of a competition 
assay in accordance with the invention is shown in FIG. 8. The device 
consists of a filter 601 adapted to remove red blood cells, a separate support 
25 element 602 containing a suitable concentration of reagents including anti- 
digoxin gold-labeled antibody 603 (/.e., analyte detection agent) specific for 
the drug digoxin 611 (i.e. target analyte) and a streptavidin-gold 604 
calibration agent 

As described in Example 1, the test device comprises a 
30 nitrocellulose membrane 605 upon which is non-diffusibly attached at first 
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and second calibration zones 606» 608 different predetermined amounts 614, 
615 of BSA-biotin 604 which when in operation generate different signal 
intensities (FIG. 8). 

In addition, the membrane 605 includes a test zone 607 
5 whereat there is non-diffusibiy attached an unlabeled digoxin (or an 
unlabeled analog thereof) 613 which is capable of binding specifically to the 
anti-digoxin gold-labeled antibody 603. 

Alternatively, in the case wherein the separate support element 
conteins a labeled digoxin as the detection agent the test zone has non- 
10 diffusibly atteched therein an unlabeled anti-digoxin antibody which is 
capable of binding specifically the labeled digoxin and unlabeled digoxin if 
present in the test sample. 

As descrit>ed in the previous example, the membrane also 
includes a procedural control zone 609 which has non-drffuslbly atteched 
15 therein an anti-mouse antibody 616 capable of binding the anti-digoxin gold- 
labeled antibody 603 which has not bound to the test zone 607. Adjacent to 
one end of the membrane 605, there is also prDvided an absorbent pad 610 
which absorbs an excess amount of the test sample, the application buffer 
or assay reagents. 

20 It will also be appreciated that when labeled digoxin is 

employed as the analyte detection agent in, for example a competitive 
assay, an anti-digoxin antibody may be used as a capturing component in 
the procedural control zone. 

In operation, additton of the test sample and/or the application 

25 buffer causes moistening of the separate support element 602 and 
subsequent mobilization of the anti-digoxin gold-labeled antibody 603 and 
the streptevidin-gold 604. If digoxin 611 is present in the test sample, it 
binds and complexes with the anti-digoxin goid-labeied antibody 603 and, in 
concert with the streptevidin-gold 604, migrates subsequently to a detection 

30 area comprising the test zone 607 and calibration zones 606, 608. 
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In the test zone 607. the binding of anthdigoxin gold-labeled 
antibody 603 to the attached unlabeled digoxin 613 is inhibited in the 
presence of digoxin 61 1 . This results in a test zone 607 of reduced intensity 
compared to that generated in the absence of digoxin 61 1 . When digoxin 
5 61 1 is absent in the test sample, a zone of strong intensity is generated in 
the test zone 607. 

in the case of the separate support element conteining labeled 
digoxin or analog thereof, the digoxin, if present In the test sample, and the 
labeled digoxin migrate along the membrane without significant interaction. 
10 In the test zone, the binding of labeled digoxin to non-diffusibly attached 
unlabeled anti-digoxin antibody is inhibited in the presence of digoxin. 

The concentrations of the streptevidin-gold 604 and BSA-biotin 
612 are adjusted to give signal intensities that fall within a suitebie dynamic 
range of those produced by typical therapeutic concentrations of digoxin 61 1 
15 as described in Example 6. 

For the measurement of the digoxin in blood or plasma, the 
lower calibration zone, when in use, generates signal intensities 
corresponding to approximately 0.8 ng/mL of digoxin. The limit of detection 
of this analyte in a flow through device is 0.4 ng/mL and consequently, the 
20 use of calibration zones generating signal intensities corresponding to 0.8 
ng/mL and 1 .6 ng/mL respectively enable visual inspection of a test device 
to assign one of four values to a given sample (FIG. 9). 

With reference to FIG. 9, it should be noted that the device 
according to FIG. 8 is now conteined witiiin a housing or cartridge as 
25 described in Example 1. 

In relation to FIG. 9a. there is shown a top view of an unused 
device for semi-quantitetive measurement of digoxin. Notice that there are 
no visible instrumerrtal read lines in the viewing window comprising 
procedural control (C), test (T), 0.8 ng/mL and 1.6 ng/mL calibration zones. 
30 Now turning to FIG. 9b, there is shown the test device after the 
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successful completion of a test not containing sut)-therapeutlc doses of 
digoxin. Note the appearance of zones of color in the 0.8 ng/mL and 1.6 
ng/mL calibration zones and the procedural control zone and the intense 
color generated in the test zone. This allows a value of < 0.8 ng/mL digoxin 
5 to l}e assigned to this test sample. 

With reference to FIG. 9c, there is shown the device after the 
successful completion of test with a sample containing between 0.8 ng/mL 
to 1.6 ng/mL digoxin. In this case, a visible line results in the test zone and 
is of lower intensity than that generated in the 0.8 ng/mL calibration zone btA 
10 stronger than that generated in the 1 .6 ng/mL calibration zone allowing a 
value of between 0.8-1 .6 ng/mL of digoxin (the nonnal therapeutic range) to 
be assigned to this sample. The signal intensittes of the other zones are 
similar to those shown in FIG. 9b. 

With reference to RG. 9d . there is shown the device after the 
15 successful completion of a test on a sample containing a digoxin 
concentration of > 1.6 nghvL (toxic range). Note ttie zone of Intensity in the 
viewing window; the test zone has generated a signal intensity lower than 
that generated in the 1 .6 ng/mL calibration zones allowing a higher value to 
be assigned to the sample. Any unbound labeled reagents migrate to the 
20 absort)ent pad where they are not visible to tiie observer. These resulte are 
summarized In Table 2. 

FIG. 10 shows a side view diagrammatic representation of the 
assay reagents after completion of a test in which no digoxin was present in 
the test sample. The labeled reagente 603. 604 have migrated from the 
25 separate support element 602 and the sbfeptevldin-gold has bound to the 
BSA-biotin 612 In the calibration zones 606, 608. The anti-digoxin gold- 
labeled antibody 603 has bound to the attached unlabeled digoxin 613 in the 
test zone 607 generating a maximal signal. 

FIG. 11 shows a completed test in which toxic concentrations 
30 of digoxin 611 were present in ttie test sample. In ttiis case ttie str^3tavidin> 
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gold has been captured at calibration zones 606, 608 but the digoxin 611 
has Inhibited tiie binding of the antkligoxin gold*labeled antibody 603 at the 
test zone generating a reduced signal compared to tiiat generated in the 
absence of digoxin 61 1 in the test sample. 
5 B<AMPIE4 

Quantitative determination of anaiyte concentration by 
insbrument reading of test devices. 

The lateral flow liquid pemneable medium in accordance with 
the Invention, which is preferably contained within a housing or cartridge, 

1 0 may be read visually after completion of an assay, as described in Examples 
1 to 3. Alternatively, the lateral flow liquid permeable medium can be read 
in an instrument configured to receive the device and to measure the change 
in optical reflectivity produced by the attachment of the label onto the surface 
of the membrane. The instrument Is preferably configured to measure 

15 reflectance at a wavelength corresponding to the appropriate, usually 
maximum, absorbance of the \abel It can include more than one LED or 
suitable light source for measuring and detecting a multiple of reflected 
wavelengths. The instrument is programmed to contain standard curves for 
the various tests to be read and each test has a code, interpreted by the 

20 instrument, such that the correct data for a specific target anaiyte Is 
accessed. 

In designing a test for instrumental reading, it is not necessary 
to position ttie calibration zones such that tiie density of the band is seen to 
confonn to the density of a test reading at clinically relevant levels, such as 

25 the top of a nonnal range of such levels. It is merely necessary to have 
signal Intensities from these calibration zones corresponding to two points 
on a standard curve such that the Instrument can calculate the amount of 
anaiyte in the test sample by comparison of the calibration zones, one low 
and one high and with the standard curve data contained within the 

30 instrument's data system. 
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The cartridge is taken into the instrument, the test read by 
comparison with the respective signal intensity of each calibration zone and 
a result calculated. The instmment can be a stand alone instarument which 
prints out or displays a result for the operator, or it can be connected to the 
5 laboratory's central computer and aligned with other patient data. The 
results obtained in this way are fully quantitative and such an instalment is 
valuable in monitoring a patient* s analyte levels during therapy or for 
following the course of disease or progress after surgery. 

P<AMPLg5 

10 Quantitative Determination of[><limerby instrument reading 

A comparison of a quantitative detemiination of D-dimer by 
instrument reading with D-dimer concentration as detenmined by enzyme 
immunoassay for D^imer is shown in FIG. 12. The results are presented as 
a linear regression analysis, thus, indicating a strong correlation between 

15 instrument reading and EIA. This Instrument reading comparison was made 
with 187 plasma samples of clinical origin using 25 pL of sample. At ten 
minutes after the tests were run the reflectance signal of the test zone was 
compared with the reflectance signal of the calibration zones. The 
instrument readings were performed using a simple reflectance instrument 

20 (Tobias IQ 150 Portable Computing Reflection Desitometer, Tobias 
Associates Inc. Ivyland, PA, USA). 

EXAMPLES 

QuarvOtative determination of myoglobin by insbvment reading 
A comparison of a quantitative determination of myoglobin by 
25 insfarument reading witii the myoglobin concentration as detennined by 
enzyme immunoassay for nrryoglobin is shown in FIG. 13. The results are 
presented as a linear regression analysis, thus, indicating a strong 
correlation between instrument reading and EIA. This instrument reading 
comparison was made with 127 plasma samples of clinical origin using 25 
30 pL of sample. At ten minutes after the tests were run the refiectence signal 
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of the test zone was compared with the reflectance signal of the calibration 
zones. The instrument readings were perfonfned using the reflectance 
instalment refenred to in Example 6. 

EXAMPLE 7 

5 Adjustment of calibrator line intensity 

A series of test strips comprising the lateral flow liquid 
permeable medium of the invention are mn containing a fixed concentration 
of calibration agent, e.g. streptavidin-gold with the strips coated at the 
calibration zone with a fixed BSA concentration but with a variable biotin 

10 content varying from 0. 1 to 3.0 moles of biotin per mole of BSA. 

Using the reflectance instmment described above, the 
reflectance signal at the calibration zone is detennined (FIG. 14). The 
reflectance signal is plotted against the concentration of biotin-BSA and is 
used as a standard curve as follows: 

15 For a given target analyte, a small number of samples with a 

known analyte concentration are run on strips containing target detection 
agent and target capture agent The reflectance signal at the capture zone 
is then read off the standard curve of reflectance signal versus biotin-BSA 
concentration to detemriine the concentration of the calibration capture 

20 (biotin-BSA) which is required to match a particular dinical cut-off value 
(Table 3). This is of particular use in the production of tests in which a semi* 
quantitative determination of analyte concentration is required. For an 
instrument read test, the calibrator concentrations do not necessarily have 
to match a particular clinical cut-off value, hence using the calibrator 

25 standard curve, calibrators can be chosen which cover the dynamic range 
of the target analyte which is detemiined as described above using the 
reflectance signals of samples with known values run on tests containing 
target analyte detection and calibration agents. 

BSA is biotinyiated using NHS-LC-6iotin in carbonate buffer to 

30 yield 25 moles of biotin per mole of BSA. This stock solution of biotin-BSA 
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is then diluted in BSA to the required concentration. 

In another embodiment of the invention the labelled analyte 
d^ection agent and labelled calibration agent may be applied to the lateral 
flow liquid pemieatde medium in solution and. thus, these reagents may be 
5 Included with the test sample if desired. 

Significant advantages of the present invention in comparison 
with the prior art discussed above include the following: 

(a) a simple single-step assay is provided which is self 
contained and requires only the addition of the test sample; 

0 (b) the use of a single-step assay greatly enhances the 
reproducibility and convenience of the assay; 

(c) the affinity and avidity of the calibration zone reactaints 
which may be used are significantly greater than the test zone reactants 
which substantially eliminates interference and facflitates quantitation of a 

s wide range of analytes as described above. For example, tiie calibratran 
rone reactions suitably have an afiinity constant of 10"^^ which is six ordeis 
of magnitude higher affinity than nonnal antibody affinities; 

(d) the same calibration pair can be used for a wide range 
of target analytes with minimal experimentation and effort thereby avoiding 

1 excessive calibration for each assay which is of significant commercial 
advantage; and 

(e) the assay is essentially continuous in operation and thus 
avoids discontinuity which is a prerequisite of multiple step assays. 
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TABLES 

TABLE 1 Semi-quantitative determination of D-dimer effected by 
comparison of respective signals at the test and calibration 
zones 



TEST RESULT 


ASSIGNED VALUE 


1 . No visible signal at the test 
zone 


Less than 120 ng/mL 


2. A signal intensity at the test 
zone that is less than or 
equal to that of the weakest 
calibration zone 


Less than 120 ng/mL 


3. A signal intensity at the test 
zone that is between the 
intensity of the two 
calibration zones 


Greater than 120 ng/mL but less 
than 1000 ng/mL 


4. A signal intensity at the test 
zone that is greater than 
that of the strongest 

calibration zone 


Greater than 1000 ng/mL 
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TABLE 2 Semi-quantitative determination of digoxin effected by 
comparison of respective signals at the test and calibration 
zones 



TEST RESULT 


ASSIGNED VALUE 


1 . A signal intensity at the test zone that is 
stronger than either of the calibration 
zones 


Less than 0.8 ng/mL 


2. A signal intensity at the test zone that is 
betMfeen the intensity of the calibration 
zones 


Greater than 0.8 
ng/mL but less than 
1.6 ng/mL 


3. A signal intensity at the test zone that is 
less than that of the weakest calibration 
zone 


Greater 1.6 ng/mL 
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TABLES Calibration receptor concentrations for several different 
analytes with respective cut-off levels 



Analyte 


Calibrator Concentration 


Cut-off 
Value 


Reflectance Signal 
of Cut-off Value 


Myoglobin 


0.5 moles blotin/nrole BSA 


70 ng/mL 


640 


D-dimer 


0.35 moles biotin/mole BSA 


120 ng/mL 


550 


C-Reactive Protein 


0 J225 nf)oles blotin/^ole BSA 


10 pg/mL 


250 


Canine Heartworm 


0.25 moles blotin/rnole BSA 


100 ng/mL 


275 
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LEGENDS 

HG. 6 

Comparison of D-dimer EIA vs Quantitative Determination of D-dimer by 
Instrument. 
5 FIG. 7 

Comparison of the Quantitative Measurement of Myoglobin by EIA versus 
Visual Semi-Quantitative Determination of Myoglobin. 
FIG. 12 

Comparison of D-dimer EIA vs Quantitative Detemnination of D-dimer by 
10 Instrument. 
FIG. 13 

Comparison of Myoglobin EIA vs Quantitative Determination of Myoglobin by 

instrument 

FIG. 14 

15 Standard Cun^e of Biotin-BSA Concentration vs Reflectance Signal. 
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CLAIMS 

1 . A method for quantitative or semi-quantitative detemiination of target 
analyte(s) in a test sample, said method comprising the steps of: 

(i) non-diffusibly attaching to at least one test zone of a lateral 
flow liquid pemieable medium an analyte receptor capable of binding to the 
target anaiyte; 

(ii) diffusibly attaching to a support medium which may comprise 
the lateral flow liquid pemieable medium or a separate support element an 
analyte detection agent which detects the presence of target analyte in the 
test sample, said analyte detection agent having a label associated 
therewith; 

(iii) diffusibly attaching to a support medium which may comprise 
the lateral flow liquid permeable medium or a separate support element a 
calibration agent having a label associated therewith; 

(iv) non-diffusibly attaching to at least one calibration zone of the 
lateral flow liquid permeable medium a calibration agent receptor capable of 
binding the calibration agent; 

(v) contacting the lateral flow liquid penmeable medium with the 
test sample; and 

(vi) comparing signals associated with each label at the test 
zone(s) and calibration zone(s) to effect determination of the target analyte 
in the test sample. 

2. A method for quantitative or semi-quantitative determination of target 
analyte(s) in a test sample, said method comprising the steps of: 

(i) non-diffusibly attaching to at least one test zone of a lateral 
flow liquid permeable medium a predetermined amount of analyte; 

(ii) diffusibly attaching to a support medium which may comprise 
the lateral flow liquid permeable medium or a separate support element an 
analyte detection agent which detects the target analyte if present in the test 
sample, said analyte detection agent having a label associated therewith; 
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(iii) diffusibly attaching to a support medium which may comprise 
the lateral flow liquid permeable medium or a separate support element a 
calibration agent having a label associated therewith; 

(iv) non-diffusibly attaching to at least one calibration zone of the 
5 lateral flow liquid permeable medium a calibration agent receptor capable of 

binding the calibration agent; 

(v) contacting the lateral flow liquid permeable medium with the 
test sample; and 

(vi) comparing signals associated witii each label at the test 
10 zone(s) and calibration 2one(s) to effect determination of ttie target analyte 

in the test sample. 

3. A method as claimed in Claim 1 wherein tiie analyte detection agent 
is a predetermined amount of the target analyte having a label associated 
therewith. 

15 4. A method as claimed in Claim 1 or Claim 2 wherein the label is a 
direct visual label selected from the group including a colloidal metallic or 
non-metallic particle, a dye particle, an enzyme, a substi^te. an organic 
polymer, a latex particle, a liposome, or other vesicle containing a signal 
producing substance. 

20 5. A method as claimed in Claim 4 wherein the direct visual label is a 
colloidal metallic particle. 

6. A method as claimed in Claim 5 wherein the colloidal metallic particle 
is colloidal gold. 

7. A method as claimed in Claim 1 or Claim 2 wherein the calibration 
25 agent is selected from the group including a^^in or streptavidin and the 

calibration receptor Is blotin. 

8. A method as claimed in Claim 1 or Claim 2 wherein the calibration 
receptor is avidin or streptavidin and the calibration agent is biotin. 

9. A method as claimed in Claim 1 or Claim 2 wherein the step of 
30 comparing signals associated with each label is effected by a signal 
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measuring instrument to provide quantitative detennination of the target 
analyte in the test sample. 

10. A method as daimed in Claim 1 or Claim 2 further including a filtering 
step for filtering the test sample. 
5 11. A method as claimed in Claim 1 or Claim 2 further including a 
procedural control step which indicates validation of the method. 

12. A method as claimed in Claim 1 or 2 wherein the analyte detection 
agent and the calibration agent have the same label associated therewith. 

13. A lateral flow liquid permeable medium adapted to convey fluids in 
10 at least one fluid flow direction for use in the method according to Claim 1 . 

said liquid permeable medium comprising: 

(1 ) at least one test zone having non-diflusibly attached therein an 
analyte receptor which is capable of participating in the fbnnation of an 
immobilized specific binding pair with an analyte or analyte detection agent; 

15 (2) at least one calibration zone having non-diffusibly attached 

therein a predetermined amount of a calibration agent receptor which is 
capable of participating in the formation of an immobilized specific binding 
pair with a calibration agent; and 

(3) an assay reagent zone including a calibration agent having a 

20 label associated therewith and the analyte detection agent which a label 
associated therewith. 

14. A lateral flow liquid penneable medium adapted to convey fluids in 
at least one fluid flow direction for use in the method according to Claim 2, 
said liquid permeable medium comprising: 

25 (1 ) at least one test zone having non-diffusibly attached therein a 

predetemiined amount of analyte which is capable of participating in the 
formation of an immobilized specific binding pair with an analyte detection 
agent; 

(2) at least one calibration zone having non-diffusibly attached 
30 therein a predetermined amount of a calibration agent receptor which is 
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capable of participating in the fonDation of an immobilized specific binding 
pair with a calibration agent; and 

(3) an assay reagent zone including a calibration agent having a 
label associated therewith and the anatyte detection agent also having a 
5 label associated therewith. 

15. A lateral flow liquid permeable medium as claimed in Claim 13 or 
Claim 14 wherein the assay reagent zone \s provided by a separate support 
element in fluid communication with the lateral flow liquid permeable 
medium. 

10 16. A lateral flow liquid permeable medium as claimed in Claim 13 or 
Claim 14 further including a filter in liquid communication therewith. 

17. A lateral flow liquid permeable medium as claimed in Claim 13 or 
Claim 14 further including a procedural control zone. 

18. A lateral flow liquid permeable mediiin as claimed in Claim 13 or 
15 Claim 14 further including an absorbent pad which is downstream of said test 

and said at least one calibration zone, which absorbent pad is adapted to 
absorb an excess amount of a test sample or a reagent solution. 

19. A housing enclosing the lateral flow membrane of Claim 1 3 or Claim 
14 having windows for viewing of the or each test zone and the or each 

20 calibration zone. 

20. A housing as claimed in Claim 19 having a further window for 
viewing of the procedural control zone. 

21 . A housing as claimed in Claim 1 9 having an aperture for introduction 
of the target analyte. 

25 22. A signal measuring instrument for use with the method of Claim 1 or 
Claim 2 for comparison of signals associated witii each label at the test and 
calibration zone(s) to effect detemiination of the target analyte in the test 
sample. 

23. A signal measuring instrument as claimed in Claim 22 incorporating 
30 the housing of any one of Claims 1 9-21 . 
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24. A method for quantitative or semi-quantitative detemiination of target 
analyte(s) in a test sample, said method comprising the steps of: 

(1) non-diffusibly attaching to at least one test zone of a lateral 
flow liquid penneable medium an analyte receptor capable of binding to the 
5 target analyte; 

(ii) non-diffusibly attaching to at least one calibration zone of the 
lateral flow liquid permeable medium a calibration agent receptor capable of 
binding the calibration agent; 

(iii) contacting the lateral flow liquid medium with (a) an analyte 
10 detection agent which detects the presence of target analyte in the test 

sample and (b) a calibration agent, each of said analyte detection agent and 
said calibration agent having a label associated therewith; 

(iv) contacting the lateral flow liquid permeable medium with the 
test sample; and 

15 (v) comparing signals associated with each label at the test 

zone(s) and calibration zone(s) to effect determination of the target analyte 
in the test sample. 

25. A method for quantitative or semi-quantitative detemiination of target 
analyte(s) in a test sample, said method comprising the steps of: 

20 (i) non-diffusibly attaching to at least one test zone of a lateral 

flow liquid permeable medium a predetermined amount of analyte; 

(ii) non-diffusibly attaching to at least one calibration zone of the 
lateral flow liquid permeable medium a calibration agent receptor capable of 
binding the calibration agent; 

25 (iii) contacting the lateral flow liquid medium with (a) an analyte 

detection agent which detects the presence of target analyte in the test 
sample and (b) a calibration agent, each of said analyte detection agent and 
said calibration agent having a label associated therewith; 

(iv) contacting the lateral flow liquid permeable medium with the 

30 test sample; and 
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(v) comparing signals associated with each label at the test 
zone(s) and calibration zone(s) to effect determination of the target analyte 
in the test sample. 
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FIG. 7 
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